Common biochemical pathway of dysmorphogenesis in murine embryos: use of the glucocorticoid pathway by phenytoin.
Phenytoin (5,5-diphenylhydantoin), a common anticonvulsant drug, is known to produce anomalies in the craniofacial region of animals and humans. Furthermore, recent evidence suggests that phenytoin disrupts craniofacial and neural tube morphogenesis by inhibiting the arachidonic acid cascade, a pathogenesis already implicated for glucocorticoids and hyperglycemia in the palate. This study tested the hypothesis that phenytoin interferes with the arachidonic acid cascade via the same biochemical pathway demonstrated for glucocorticoids. The proposed pathway was tested at two levels. First, indomethacin, an inhibitor of the enzyme cyclooxygenase, was used in culture to block the correction of phenytoin-induced defects by arachidonic acid. Second, cortexolone, an anti-glucocorticoid that binds at the glucocorticoid receptor binding site, was tested for its ability to prevent phenytoin-induced teratogenicity. Eighty-four percent of the embryos cultured in phenytoin and 93% of those cultured in phenytoin plus arachidonic acid and indomethacin had neural tube and/or craniofacial deformities. In contrast, only 14% of the embryos cultured in phenytoin plus cortexolone were affected. Indomethacin itself produced anomalies in 83% of the exposed embryos. These data are consistent with the hypothesis that the teratogenic action of phenytoin in murine embryo cultures occurs via the glucocorticoid anti-inflammatory pathway. Thus, the glucocorticoid receptor appears to be responsible for mediating phenytoin-induced teratogenicity.